UVB has been shown to stimulate the generation of reactive oxygen species (ROS), which subsequently results in the activation of various intracellular signalling pathways and transcription factors (AP-1, NF-κB). These transcription factors are regulated by MAPKs, which increase cytokine and MMP expression. We examined the preventive effects of reversine on MMP-1 and MMP-3 expressions in NHEKs and NHDFs exposed to UVB irradiation. Also, we confirmed that reversine decreased pro-inflammatory cytokine expression in NHEKs. The mechanism underlying the MMP inhibitory effects of reversine occurred via the suppression of UVB-induced ROS generation and MAPK/AP-1 activation. Therefore, reversine is an effective therapeutic candidate for preventing skin photoageing.
box plot for complete twin pairs (n = 15 twin pairs). Box plot showing central rectangle spans the first quartile to the third quartile (the interquartile range). A segment inside the rectangle shows the median and "whiskers" above and below the box show the locations of the minimum and maximum values of the data. The alpha diversity was calculated for siblings in which neither has rosacea (n = 9 twin pairs), both siblings have rosacea (n = 4 twin pairs) or only one sibling has rosacea (n = 2 twin pairs). (B), A trend of negative association between alpha diversity and NRS score observed within twin pairs. Difference in alpha diversity (Shannon index) on Y-axis and NRS score on X-axis was plotted as values for twin B subtracted from related Twin A (n = 15 twin pairs). There were five twin pairs who have different NRS score including 2 twin pairs in which only one sibling has rosacea.
All other twin pairs had the same NRS score resulting in a difference of zero. Pearson correlation coefficient r and p-values are displayed.
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FIGURE S2
The facial microbiome is more diverse between siblings affected by rosacea than siblings not affected by rosacea. The Weighted UniFrac (WUF) distance was plotted between complete twin pairs (n = 15 pairs). The WUF distance was calculated between siblings in which neither has rosacea (no rosacea-no rosacea, n = 9 twin pairs), both siblings have rosacea (rosacea-rosacea, n = 4 twin pairs) or only one sibling has rosacea (no rosacea-rosacea: n = 2 twin pairs), from left to right. WUF distance was calculated between left versus left cheeks and right versus right cheeks 
| BACKG ROU N D
Skin ageing can be divided into intrinsic or chronologic ageing and extrinsic ageing (photoageing). One of the most important extrinsic ageing factors is sunlight, particularly exposure to ultraviolet (UV) B irradiation, which is a major cause of skin photoageing. [1, 2] Exposure of keratinocytes to UVB radiation activates various cytokines such as tumor necrosis factor-α (TNF-α), interleukin-1α (IL-1α), IL-16, IL-8 and IL-10. [3] [4] [5] A continuous increase in these cytokines causes chronic inflammation that eventually leads to skin ageing. Additionally, UVB radiation increases the expression of matrix metalloproteinases (MMPs) in epidermal keratinocytes and dermal fibroblasts. Increased MMPs contribute substantially to connective tissue damage that occurs during photoageing.
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progenitor cells. [13] Recent reports have demonstrated the anticancer effects of reversine against various cancers. [14] [15] [16] [17] [18] [19] [20] Additionally, it has been shown that reversine inhibits MMP expression in cancer cells. [21] However, the anti-photoageing effects by MMP inhibition of reversine in skin cells have not yet been reported.
In this study, we evaluated the preventive effects of reversine on MMP-1 and MMP-3 expressions in normal human epidermal keratinocytes (NHEKs) and normal human dermal fibroblasts (NHDFs) exposed to UVB irradiation. We also confirmed that reversine decreased pro-inflammatory cytokine expression in NHEKs. Importantly, we found the molecular mechanisms underlying the inhibitory effect of reversine on UVB-induced MMP expression.
| QUE S TION ADDRE SS ED
We evaluated the anti-photoageing effects of reversine by confirming its inhibitory effect on UVB-induced pro-inflammatory cytokine, and MMP is mediated by inhibition of ROS/MAPK/AP-1 activation in NHEKs and NHDFs.
| E XPERIMENTAL DE S I G N
For experimental design and procedures, see Data S1.
| RE SULTS
First, to investigate whether reversine has cytotoxic effects, we We also confirmed that signalling pathways are involved in UVBinduced MMP expression in NHEKs and NHDFs. First, to examine the effects of reversine on UVB-induced ROS generation, its intracellular concentration was determined. The UVB-induced increase in ROS levels was significantly reduced by treatment with reversine (Figure 2A,B) .
Next, we investigated the effect of reversine on UVB-induced activation of MAPK signalling and transcription factors in NHEKs and
NHDFs. In NHEKs, reversine reduced the phosphorylation of p38 and JNK. (Figure 2C ). And, in NHDFs, reversine displayed inhibitory effects on the phosphorylation of JNK ( Figure 2D ). Additionally, we studied the effect of reversine on UVB-induced translocation of transcription fac- 
| D ISCUSS I ON
UV irradiation is a major cause of skin photoageing. [22] Although UVB is only a small amount reaching the surface due to stratospheric ozone depletion, it has been widely examined in skin photoageing research because it affects skin photoageing by chronic exposure. In particular, UVB intensity has been widely examined in skin studies because of stratospheric ozone depletion. [23, 24] The anti-photoageing effects of reversine in skin cells have not been reported. Therefore, we investigated the effect of reversine on photoageing by UVB.
Keratinocytes account for most of the epidermis and play critical roles in cutaneous immune-related responses. [25] According to previous studies, IL-1β, IL-1, IL-6 and TNF-α play the most important roles in over-expression of MMP-1 induced by UVB irradiation. [22] Therefore, this study investigated the influence of reversine on cytokine expression in UVB-irradiated NHEKs ( Figure 1C-F) .
A few studies found that chronic exposure of human skin to UVB radiation results in photoageing and induces MMP production. [22, 26, 27] Recently, it was suggested that matrix degradation by UV-induced MMPs secreted by various cells (e.g keratinocytes, fibroblasts and inflammatory cells) contributes to connective tissue degradation that occurs during photoageing. [2, 6, 28] This study demonstrated that reversine inhibited UVB-induced MMP-1 and MMP-3 expressions in NHEKs and NHDFs ( Figure 1A ,B).
Reactive oxygen species play an important role in skin ageing. [29] Reactive oxygen species generation is known to be an initial event triggering UVB-mediated induction of MMPs. [22, 30] Reactive oxygen species are generated in response to UV irradiation and act as second messengers in signalling pathways and in the regulation of gene expression by activating transcription factors, such as AP-1 and NF-κB, leading to cellular oxidative stress. [29] These transcription factors are regulated by MAPKs, which increase pro-inflammatory cytokine and MMP expression. [22, 27] In this study, we confirmed that UVB-induced increases in ROS levels were significantly reduced by treatment with reversine in NHEKs and NHDFs (Figure 2A,B) , and reversine strongly blocked UVBinduced MAPK (p-p38 and p-JNK) and AP-1 activation in NHEKs, and MAPK (p-JNK) and AP-1 activation in NHDFs ( Figure 2C ,D).
| CON CLUS IONS
Our study demonstrates that reversine significantly inhibited UVB-induced MMP expression. The mechanism underlying the anti-photoageing effects of reversine occurred via the suppression of UVB-induced ROS generation and MAPK/AP-1 activation.
Therefore, we suggest that reversine is an effective therapeutic can- ) and incubated with 5 μmol/L of reversine for 24 h (B). Cells were washed twice with PBS and incubated with DCF-DA (10 μmol/L) for 30 min. DCF fluorescence was detected using a FACStar flow cytometer. Cells were treated with UVB for 15 min in the presence or absence of reversine. NHEK (C) and NHDF (D) lysates were prepared for Western blotting with antibodies against p38, JNK and ERK, as well as with phospho-specific antibodies for these antigens (p-p38, p-JNK and p-ERK). Cells were stimulated with UVB and 5 μmol/L of reversine. Following 3 h of incubation, nuclear extracts were prepared. Western blotting was performed to determine the nuclear levels of the AP-1 (p-c-Jun) and NF-κB (p50 and p65) subunits. Each value represents the mean ± SEM of three independent experiments. *P < .01 vs untreated control; # P < .01 vs UVB
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FIGURE S1
Effects of reversine on viability in NHEKs and NHDFs.
NHEKs(a) and NHDFs(b) were cultured in 96-well plates until 70% confluence, and various concentrations (0, 1, 2, 5 μmol/L) of reversine were added to the cells for 48 h. An EZ-cytox enhanced cell viability assay kit was used to detect cell viability. Each value represents the mean ± SEM of 3 independent experiments. Each value represents the mean ± SEM of three independent experiments DATA S1 Experimental design
